Abstract-The effect of salinity on the photoinduced toxicity of waterborne fluoranthene to larvae of the grass shrimp (Palaemonetes pugio) and tubificid oligochaete worms (Monopylephorus rubroniveus) was studied in a laboratory system under simulated sunlight. In the grass shrimp toxicity tests, five concentrations of fluoranthene (0, 3.6, 7.3, 13.8, and 29.0 g/L) and four salinities (6.9, 14.5, 21.2, and 28.6‰) were achieved. In the oligochaete toxicity tests, five concentrations of fluoranthene (0, 0.8, 1.4, 3.3, and 7.7 g/L) and four salinities (7.1, 13.3, 20.5, and 27.6‰) were achieved. Salinity had no effect on either the photoinduced toxicity or the bioaccumulation of fluoranthene in the grass shrimp. However, the highest level of salinity decreased the median lethal time for the oligochaete. Bioaccumulation of fluoranthene was inversely related to salinity for the oligochaete. Additional experiments demonstrated an inverse relationship between salinity and short-term osmotic weight change in the oligochaete. Weight of the grass shrimp larvae was not affected by salinity. These findings show that salinity can influence the toxicity and bioaccumulation of fluoranthene in some estuarine organisms. The influence of salinity on these populations may be related to physiological responses associated with internal osmotic volume changes. Thus, salinity needs to be taken into account when assessing the risk of photoactivated polycyclic aromatic hydrocarbon (PAH) to at least some estuarine species.
INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are a major class of contaminants found in the sediments and biota of estuaries [1, 2] . Polycyclic aromatic hydrocarbons are common components of petroleum products and combustion products of fossil fuels. In estuarine systems that are located near urban and suburban developed areas, storm-water runoff can be a major source of PAHs [3, 4] . However, wastewaters, atmospheric deposition, creasote oil leachates, and recreational boating activities can contribute to the overall PAH loading in estuaries, as well [3, 5] .
The toxicological properties of PAHs have been well-studied. Polycyclic aromatic hydrocarbons as a group have a wide range of solubilities; however, they are generally considered to be both hydrophobic and lipophilic [6] . As a consequence, PAHs accumulate to high concentrations in sediments and the tissues of estuarine organisms, especially in areas near their sources [7] . In laboratory tests, PAHs remain relatively nontoxic until internal concentrations are sufficient to achieve narcosis [8, 9] . Of greater concern from an environmental standpoint is toxicity resulting from photoactivation. Certain PAHs absorb radiant energy in the presence of solar ultraviolet radiation (UV), thereby inducing redox cycling through the formation of free oxygen radicals, which results in an increase in toxicity by an order of magnitude or more (reviewed by Arfsten et al. [10] ). This photoinduced toxicity has been reported in response to waterborne PAH in a variety of estuarine and marine species, including fish, crustaceans, mollusks, and annelids [11] [12] [13] .
The photoinduced toxicity of PAH can be influenced by * To whom correspondence may be addressed (john.weinstein@citadel.edu).
various environmental factors, including the intensity of UV radiation [14, 15] , photoperiod [16, 17] , water temperature, and dissolved oxygen content [18] , dissolved humic materials [19, 20] , turbidity [21] , and the presence of phytoplankton [22] . In estuaries, one environmental factor that naturally fluctuates both tidally and seasonally is salinity. Salinity is a critical factor in determining the distribution and physiology of estuarine biota. Previous studies have demonstrated that salinity can influence the toxicity of many substances, including metals and organophosphate pesticides [23] . In Charleston Harbor (SC, USA) salinity in tidal creeks and salt marshes adjacent to forested watersheds generally ranges Ͻ7‰ on a typical tidal cycle [24] . However, recent studies have demonstrated that urban and suburban development adjacent to these systems can increase the range of the fluctuations in salinity, sometimes as high as 26‰ over several days [24] . Therefore, examining the effect of salinity on the bioaccumulation and toxicity of PAHs is essential for assessing the risk of these compounds to estuarine organisms.
Relatively few data exist concerning the effects of salinity on the toxicity of PAHs under ambient laboratory lighting, and no consistent trends are evident [23] . For example, one study examined the effect of salinity on two PAHs in larvae of the mud crab, Rhithropanopeus harrisii [25] . When mud crab larvae were exposed to naphthalene at salinities ranging from 5 to 25‰, no significant salinity/toxicity effects were evident. However, when larvae were exposed to phenanthrene using the same experimental design, toxicity increased at lower salinities. In another study, the effect of salinity on naphthalene toxicity was assessed using mummichogs (Fundulus heteroclitus) [26] . Maximum mortality of adults occurred at salinities below 8‰ and above 15‰. The authors suggest that this euryhaline species is more resistant to PAH exposure at isosmotic Salinity influence on fluoranthene phototoxicity Environ. Toxicol. Chem. 22, 2003 2933 salinities, possible due to the minimization of osmotic stress. No studies to date have assessed the effect of salinity on the photoinduced toxicity of PAHs to estuarine organisms.
The objective of the current study was to assess the effect of salinity on the bioaccumulation and photoinduced toxicity of fluoranthene to larvae of grass shrimp, Palaemonetes pugio, and adult oligochaete worms, Monopylephorus rubroniveus. These two species are ecologically important and can tolerate wide fluctuations in salinity. Grass shrimp (Palaemonetes spp.) are an integral part of estuarine trophic food webs and can account for nearly 60% of the macrofauna biomass present in tidal creeks along the South Carolina coast [27, 28] . Monopylephorus rubroniveus is a cosmopolitan tubificed oligochaete that associates with fine sediments in estuaries, both intertidally and shallow subtidally [29] . Although these worms are normally associated with sediments, certain behavioral adaptations could increase their susceptibility to photoinduced PAH toxicity. In response to intermediate levels of dissolved oxygen, tubificid oligochaetes, including M. rubroniveus, have been reported to protrude their tails into the water column [30, 31] . This species is especially abundant in salt marsh environments, where population densities as high as 7,198/m 2 have been recorded [24] . In Charleston Harbor, M. rubroniveus is the numerically dominant macrobenthic organism in tidal creeks and salt marshes throughout the year [24] . Both these oligochaetes and grass shrimp are important as prey species for fish, which use the estuary as a nursery.
MATERIALS AND METHODS

Test organisms
Larval grass shrimp (Palaemonetes pugio) were obtained by collecting gravid grass shrimp near The Citadel Boating Center (Ashley River, Charleston, SC, USA) and harvesting the eggs from three females per experiment. The eggs were allowed to hatch in 24-well polystyrene plates (2-3 eggs per well) containing 2 ml filtered seawater (0.22 m) at one of the four target test salinities (7, 14, 21 , and 28‰). The plastic plates were then placed on an orbital shaker (55 rotations/min) at room temperature (ϳ22ЊC) and the eggs were allowed to hatch. Larvae used in toxicity tests were Ͻ24 h old.
Adult oligochaete worms (M. rubroniveus) (length ϭ ϳ10 mm, dry wt ϭ ϳ0.08 mg) were obtained from a laboratory culture maintained at the Marine Resources Research Institute of the South Carolina Department of Natural Resources (Charleston, SC, USA). Holding conditions for these worms were reported previously [13] . The oligochaetes were allowed to acclimate to the appropriate target salinity for 3 d before the start of the experiment.
Solution preparation
Target test salinities were achieved by diluting carbon-filtered seawater (ϳ28‰) collected at the Fort Johnson Marine Science Center (Charleston, SC, USA) with deionized water. Saturated aqueous solutions of fluoranthene (molecular wt ϭ 202.26, 98% purity; Aldrich Chemical, Milwaukee, WI, USA) were obtained using a shell coating technique. Briefly, a solution of 0.2 g fluoranthene in 50 ml acetone was added to an uncapped 4-L amber bottle, which was then placed on a Roller Culture Apparatus (Wheaton Science Products, Millville, NJ, USA) and slowly rotated until the acetone evaporated. Seawater of the appropriate target salinity was then placed in the bottle and gently stirred until steady-state conditions were achieved (usually 24-48 h). Fluoranthene-saturated water was removed from the bottle for testing by filtration through glass wool twice, sampled for high-performance liquid chromatography (HPLC) analysis, then diluted to the appropriate concentrations before being used in the experiments. Under these conditions, the aqueous saturation of fluoranthene at 24ЊC was 156.9 Ϯ 17.0 g/L at 28‰, 168.2 Ϯ 6.6 g/L at 21‰, 174.6 Ϯ 20.4 g/L at 14‰, and 190.6 Ϯ 2.3 g/L at 7‰.
Lights and light measurement
Ultraviolet and visible light was provided in the laboratory using a bank of fluorescent bulbs designed to simulate natural sunlight (Vision, Western States Industries, Denver, CO, USA). These lamps have a spectral distribution very similar to that of natural sunlight (color rendering index ϭ 91). Ultraviolet-A (320-400 nm) and UV-B (285-320 nm) were quantified using a Macam Photometrics (Livingstone, Scotland) Model UV-203 radiometer. Light measurements were taken once daily in every experiment. Mean intensities of UV-A and UV-B achieved in these experiments were 61.9 Ϯ 2.7 W/cm 2 and 2.9 Ϯ 0.7 W/cm 2 , respectively. These intensities roughly correspond to approximately 1.5% of that found in full sunlight in South Carolina during June at solar noon. This level of UV-A penetrates to a depth of approximately 0.5 m in the tidal creeks of Charleston Harbor (J. Weinstein, unpublished data).
Analytical methods
In each fluoranthene treatment, I measured the amount of fluoranthene that had accumulated in the larval shrimp and oligocheates at the end of the uptake period. To do this, animals (2-3 individuals per sample, 3 subsamples per replicate) were placed on aluminum foil, rinsed with deionized water, allowed to air dry at room temperature in the dark for 4 h, and weighed. Fluoranthene was immediately extracted from the animals by grinding them in a Ten Broeck tissue homogenizer (Corning, Corning, NY, USA) with 1 ml extraction fluid (cyclohexane: acetone [2:1]). The homogenate was centrifuged at 3,200 rpm for 20 min, and fluoranthene in the supernatant was quantified using reverse phase HPLC. Fifty microliters of sample or standard solution were injected directly onto an Alltech (Deerfield, IL, USA) 3.9-mm ϫ 15-cm alphaBond C18 column. An isocratic elution was performed with acetonitrile:water (9:1) at 1.0 ml/min. A Hewlett-Packard 1100 Series Fluorescence Detector (Avondale, PA, USA) was used at an excitation wavelength of 360 nm with emission detection set at 460 nm. Peaks were recorded and quantified using Agilent ChemStation software (Ver A.08.03; Palo Alto, CA, USA). The limit of detection for fluoranthene was 0.3 g/L, or 15.0 pg total mass. The recovery of fluoranthene in spiked tissue samples was 117.9 Ϯ 10.5% (n ϭ 4) for larval shrimp and 101.5 Ϯ 10.5% (n ϭ 8) for oligochaetes. No fluoranthene was detected in procedural matrix blank samples (n ϭ 4). All fluoranthene tissue residues are reported on a dry weight basis.
Fluoranthene concentrations in water samples were determined by extracting 2 ml of water sample with 2 ml of cyclohexane, then directly injecting 50 l of the cyclohexane fraction onto the HPLC. Fluoranthene concentrations were quantified using reverse phase HPLC in a manner similar to that described above for the tissue residues. The recovery of fluoranthene in spiked water samples was 108.1 Ϯ 2.0 % (n ϭ 3). Water concentrations of fluoranthene were determined at the beginning of each toxicity test and at least once more for initial and 8-h test solutions during the test period. The concentrations of fluoranthene in water are reported as the geometric mean between the measured concentrations in the initial and 8-h solutions.
Determination of weight change
The effect of salinity on the osmotic uptake or loss of water was examined in both the grass shrimp larvae and oligochaetes in 24-h experiments. Grass shrimp eggs were maintained and allowed to hatch at a salinity of 25.2‰. Larvae (Ͻ24-h old) were weighed on an analytic microbalance, then distributed to one of four salinities (6.9, 14.0, 20.8, or 28.2‰). Individual shrimp were held in 25-ml plastic cups for 24 h. There were 10 shrimp per salinity treatment. Twenty-four hours after the experiment started, the shrimp were reweighed and the percent weight change was calculated. Osmotic weight change determinations for the oligochaete were similar to that described for the larval shrimp, with the following exceptions: Oligochaetes were maintained at 25.0‰ during culture and oligochaetes were allowed to clear their guts of sediment 48-h before the experiment started. The four salinities tested for the oligochaetes were 7.3, 13.5, 20.6, and 27.2‰.
Experimental design and statistical analysis
The effect of salinity on the photoinduced toxicity of fluoranthene to grass shrimp larvae (P. pugio) and oligochaetes (M. rubroniveus) was examined using a series of 96-h staticrenewal toxicity tests under sunlight-simulating laboratory lighting. Each test was conducted using one of four target salinities (7, 14, 21 , and 28‰). In the grass shrimp toxicity tests, five concentrations of fluoranthene (0, 3.6, 7.3, 13.8, and 29.0 g/L) and four salinities (6.9, 14.5, 21.2, and 28.6‰) were achieved. In the oligochaete toxicity tests, five concentrations of fluoranthene (0, 0.8, 1.4, 3.3, and 7.7 g/L) and four salinities (7.1, 13.3, 20.5, and 27.6‰) were achieved. For each test, approximately 10 animals were placed in 300-ml crystallizing dishes containing 150 ml of fluoranthene solution or control water amended to the desired level of salinity. Four replicate dishes were used per treatment. Animals exposed to fluoranthene were allowed an initial uptake period (24-h for shrimp larvae and 72-h for oligochaetes based on preliminary kinetic studies) in the absence of UV radiation (ambient laboratory lighting) in order to achieve presumed steady-state tissue residues of fluoranthene. Following this exposure period, animals in one replicate per treatment were sampled for fluoranthene residues in tissues and the animals in the other three replicates were exposed to 96-h of continuous UV radiation and fluoranthene (still in their enriched test medium). The solutions were renewed every 8 h through the uptake and UV exposure periods, and mortality was monitored at 4-h intervals throughout the UV exposure period.
All statistics were performed using SAS for Windows (Ver 8.1; Cary, NC, USA) [32] . Probit analysis was used to determine median lethal time (LT50) and associated 95% confidence intervals. Least squares linear regression and stepwise regression were used to model the dependence of LT50 values and fluoranthene body burdens on several independent variables. Linear regression was also used to model the dependence of bioconcentration factors (BCFs) and percent osmotic weight change on salinity. Bioconcentration factors were calculated by dividing the 24-and 72-h fluoranthene tissue residues (g/g dry wt) by the geometric mean of the fluoranthene water concentrations (g/ml) for the grass shrimp and oligochaetes, respectively. Data were checked for normality before analyses.
All values are reported as mean Ϯ standard deviation, unless otherwise noted.
RESULTS
Mortality in all toxicity tests was Ͻ10% in all treatments during the dark uptake period and in all 0 g/L treatments under simulated sunlight. Under simulated sunlight, LT50 for the grass shrimp was inversely related to fluoranthene water concentration across the tested salinities, but no relationship was apparent between median lethal time and salinity (Fig. 1) . Median lethal time for the oligochaete also was inversely related to fluoranthene water concentration across the tested salinities, but at the highest salinity tested (27.6‰), LT50 was lower in the two lowest fluoranthene concentrations (Fig. 1) . In the 0.8-g fluoranthene/L treatment, LT50 was reduced by 38.4% in the 27.6‰ treatment, compared with the 20.5‰ treatment. Likewise, at the 1.4-g fluoranthene/L treatment, LT50 was reduced by 20.5% in the 27.6‰ treatment, compared with the 20.5‰ treatment.
Salinity had no effect on the fluoranthene bioaccumulation in the grass shrimp (Fig. 2) . However, an inverse relationship was evident between fluoranthene bioaccumulation and salinity in the oligochaete (Fig. 2) . For example, in the 7.7-g fluoranthene/L treatment, mean tissue residues of fluoranthene at a salinity of 7.1‰ were 136.4 Ϯ 15.2 g/g dry weight, whereas at a salinity of 27.6‰, tissue residues were 33.6 Ϯ 4.0 g/g dry weight.
Bioconcentration factors also were influenced by salinity in the oligochaete (Fig. 3) . At a salinity of 7.1‰, mean BCF in the oligocheate was 16,792 Ϯ 4,477; whereas at a salinity of 27.6‰, mean BCF was 6,683 Ϯ 1,735. The relationship between mean BCF and salinity in the grass shrimp was not significant (Fig. 3) . Mean BCF across all salinities in the grass shrimp was 5,465 Ϯ 2,946. The weight of the oligochaetes also was influenced by salinity in 24-h osmotic weight change determinations (Fig. 4) . Worms acclimated to a salinity of 25.2‰ increased their weight 24.8 Ϯ 10.0%, 15.2 Ϯ 12.3%, and 2.0 Ϯ 6.1% when placed in water with a salinity of 7.3, 13.5, and 20.6‰, respectively. Worms placed in water with a salinity of 27.2‰ decreased in weight by 17.4 Ϯ 6.0%. Salinity did not influence the weight of the grass shrimp larvae during the 24-h experiment (Fig. 4) .
Regression analysis indicated that the relationship between LT50 and several independent variables could be described by two models (Table 1) . These two models were examined to separate independent variables into relevant biological and environmental categories, due to the problem of colinearity among independent variables (Table 2) . Possible entries into the model as independent variables for model 1 included fluoranthene body concentrations and percent osmotic weight change; independent variables for model 2 included fluoranthene water concentration and salinity. For the shrimp, parameter estimates for percent osmotic weight change and salinity were not significant. Therefore, these factors were not included in the models. Both models (1 and 2) for the shrimp were equivalent in their ability to account for variation in the data. Model 1 explained 93.0% of the variation in the data, and model 2 explained 94.2% of the variation (Figs. 5 and 6 ). For the oligochaete, all parameter estimates were significant and included in the models. The two models also were equivalent in their ability to account for variation in the data. Model 1 explained 81.8% of the variation in the data, whereas model 2 accounted for 82.6% of the variation. Fluoranthene body and water concentrations alone were able to account for 46.1 and 77.6% of the variation in the models 1 and 2, respectively (Figs. 5 and 6).
DISCUSSION
Previous studies have demonstrated that the photoinduced toxicity of fluoranthene to aquatic organisms can be altered by various environmental factors. Key environmental factors, such as the presence of dissolved humic materials [20] and J.E. Weinstein FLU] ), salinity, and percent osmotic weight (⌬Wt, %).
phytoplankton [22] can alter fluoranthene phototoxicity by modifying fluoranthene bioaccumulation or by changing UV intensity. The results of the present study demonstrate that fluoranthene phototoxicity also can be affected by salinity in some estuarine organisms. For the tubificid oligochaete, LT50 at the highest salinity tested (27.6‰) was reduced by 38.4% and 20.5% at the two lowest fluoranthene concentrations. However, this change in toxicity could not be explained solely by changes in fluoranthene bioaccumulation or by a change in UV intensity. In fact, fluoranthene bioaccumulation alone only explained 46.1% of the variation in the oligochaete toxicity data. Unlike the previously cited studies, fluoranthene water concentration alone was able to explain considerably more of the variation (77.6%). In contrast with the oligochaete, salinity had no apparent effect on fluoranthene phototoxicity in larvae of the grass shrimp. And, like the previously cited studies, fluoranthene bioaccumulation explained most (93.0%) of the variation in LT50.
The multiple regression models confirmed the relative importance of the independent variables used to explain LT50 values were very different for the oligochaete versus the grass shrimp larvae. These models examined either fluoranthene body concentrations and percent osmotic weight change (model 1) or the fluoranthene-water concentration and salinity (model 2). For the grass shrimp, only those variables relating to fluoranthene exposure and uptake were significant. For the oligochaete, fluoranthene body concentration and fluoranthene water concentration were significant variables in model 1 and model 2, respectively, but the percent osmotic weight change (model 1) and salinity (model 2) were significant as well. In fact, the two models were equivalent in their ability to account for variation in the data. These results strongly suggest that salinity and its associated physiologic changes are important factors in determining the photoinduced toxicity of fluoranthene to the oligochaete. A clear species-specific difference in the effect of salinity on the toxicity of PAHs has been reported by others. Hall and Anderson [23] , for example, reported in a review of the effects of salinity on PAH toxicity that toxicity increased at higher salinities with 40% of the tested organisms; toxicity increased at lower salinities in 20% of the tested organisms; and in 40% of the tests, there was no significant salinity effect. These patterns of toxicity appear to be related to the different strategies that euryhaline organisms use to maintain osmotic balance [33] . In some species, salinity variation can be stressful. Salinities above and below the osmotic balance point for an organism could increase the organism's vulnerability to pollutants. This possibility has been demonstrated clearly for the mummichog (Fundulus heteroclitus) exposed to naphthalene [26] . Mummichogs at isosmotic salinities had low mortality, but exposures in higher and lower salinities led to osmoregulatory dysfunction and greater uptake of naphthalene.
The results of the current study are generally consistent with these previous findings. The greatest mortality for the oligochaete occurred at the highest salinity tested. In addition, the osmotic weight-change test strongly suggested that the oligochaetes were unable to regulate their internal fluid volumes during short-term salinity changes. Those physiologic changes associated with the loss of fluids from the internal fluid compartments might have produced osmotic stress, thereby enhancing the worm's phototoxic response. These changes associated with water gain at lower salinities did not increase fluoranthene phototoxicity. Oligochaete mortality did not increase at lower salinities, even though fluoranthene bioaccumulation increased. One explanation for this apparent anomaly in phototoxic tolerance is the fact that some annelids can reduce the permeability of their integument to water following exposure to lower salinities, thus preventing further osmotic water gain. This mechanism has been previously demonstrated in euryhaline polychaete worms belonging to the genus Nereis [34] . Euryhaline oligocheates also may have the ability to alter the permeability of their integument; this is apparently under neurosecretory control [35] . Permeability changes to the integument could increase the tolerance to PAH phototoxicity by reducing the exposure of more sensitive underlying tissues to UV radiation. Possible changes resulting in reduced UV sensitivity include increased mucus production and structural changes to the cuticle, especially changes to the epicuticular projections overlying the collagenous cuticle [36] . Additional research into the relationship between integumental permeability and tolerance to PAH phototoxicity seems warranted.
Unlike the oligochaete, the grass shrimp larvae in this study were able to regulate their internal fluid volume. These findings are consistent with those of other studies, which have reported that Palaemonetes pugio is an osmoregulator and maintains nearly constant hemolymph sodium levels across a wide range of salinities [37] . Because the larvae in this study regulated their internal fluid volumes, it is unlikely that they experienced osmotic stress. Not surprisingly, there was little variation in their rate of mortality across the tested salinities.
The influence of salinity on the bioaccumulation of fluoranthene was probably related to the ability of the two tested species to regulate their internal fluid volumes. Most previous studies involving osmoregulators have shown that salinity does not alter the uptake of organic compounds. For example, ElAlfy and Schlenk [38] reported that salinity had no effect on the accumulation of aldicarb (a carbamate insecticide) in Japanese medaka (Oryzias latipes). Dyer et al. [39] showed that salinity had no effect on the uptake of the pyrethroid insecticide fenvalerate by bluegill (Lepomis macrochirus). Like these previously cited reports, salinity had no effect on the bioaccumulation of fluoranthene in the grass shrimp larvae. In contrast, salinity strongly influenced the bioaccumulation of fluoranthene in the osmoconforming oligochaete. At the lowest salinity tested for the oligochaete, fluoranthene tissue residues were 2.5 times greater than at the highest salinity tested. This increase in fluoranthene bioaccumulation may have been related to the osmotic gain of water at the lower salinities. The increase in internal fluid volume would also have increased the surface area of the cuticle and/or the underlying epidermal cells. Because fluoranthene, like other PAHs, is lipophilic and concentrates in the lipid bilayer of membranes [40] , the increased surface area could have resulted in an increase in the number of available binding sites within these membranes.
Grass shrimp (P. pugio) and the oligochaete (M. rubron-J.E. Weinstein iveus) studied here commonly inhabit the intertidal salt marsh and tidal creek environments that typify estuaries in the southeastern United States. In developed regions, these environments also commonly receive storm-water runoff. Although concentrations of total PAHs in the water columns of these environments are generally low (in the ng/L range) [41] , incoming storm-water runoff can have considerably higher concentrations. Storm-water runoff from suburbanized Murrells Inlet and the city of Georgetown in coastal South Carolina, e.g., had total PAH concentrations as high as 1.4 and 3.8 g/L [42] . In urbanized estuaries of Massachusetts (USA), median total PAH concentrations have been reported to be as high as 14.1 g/L, and median storm-water concentrations of fluoranthene have been reported to be as high as 1.3 g/L [4] . These previously reported concentrations of PAHs in storm water are similar to the concentrations tested in the current study (0.8-29 g/L). In addition, organisms living in these intertidal habitats can be exposed to levels of UV radiation that fluctuate with tidal cycle. At low tide, both tested organisms may be exposed to levels of UV radiation similar to, or even greater than, that used in the present study (ϳ1.5% ambient sunlight). Thus, the results of the present study suggest that the photoinduced toxicity of PAH may be a hazard to grass shrimp and oligochaetes. These results also suggest that this hazard increases for M. rubroniveus in high salinity environments.
CONCLUSION
Salinity influenced the toxicity and bioaccumulation of fluoranthene in these two euryhaline estuarine species in very different ways. For the grass shrimp larvae, salinity had no effect on either photoinduced toxicity or the bioaccumulation of fluoranthene. For the oligochaete, the highest salinity tested resulted in an increased rate of mortality, even though these individuals had the lowest bioaccumulation of fluoranthene. These results suggest that the physiological mechanisms for coping with internal osmotic volume changes in the oligochaete influenced both the rate of mortality and bioaccumulation of fluoranthene. A deeper understanding is needed regarding how salinity variations alter the bioaccumulation and toxicity of PAH to properly characterize the risk of these compounds to estuarine biota.
